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The  present  invention  provides  a  composition  from 
which  a  semipermeable  membrane  may  be  made  by  pro- 
cessing  said  composition  at  an  elevated  temperature,  said 
composition  comprising  a  mixture  of  polypropylene,  a  sec- 
ond  polymer  and  a  processing  aid,  said  processing  aid  and 
said  polypropylene  being  compatible  at  said  elevated  tem- 
perature  and  being  incompatible  when  a  heated  mixture  of 
said  polypropylene  and  said  processing  aid  is  cooled  to  am- 
bient  temperature,  said  second  polymer  and  said  process- 
ing  aid  being  compatible  when  heated  to  said  elevated  tem- 
perature  and  also  being  compatible  when  a  heated  mixture 
of  said  second  polymer  and  said  processing  aid  is  cooled  to 
ambient  temperature,  said  mixture  being  compatible  at  said 
elevated  temperature  and  exhibiting  phase  separation  of  at 
least  said  polypropylene  at  ambient  temperature.  The  in- 
vention  further  provides  semipermeable  membranes,  and  a 
process  for  making  a  semipermeable  membrane. 



BACKGROUND  OF  THE  INVENTION 

F i e l d   Of  The  I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to   s e m i p e r m e a b l e   m e m b r a n e s   ( w h i c h  

h a v e   s o m e t i m e s   been   r e f e r r e d   to  in  t he   p a t e n t   and  o t h e r  

l i t e r a t u r e   as  " m i c r o p o r o u s "   m e m b r a n e s ) ,   to  c o m p o s i t i o n s  

f rom  w h i c h   such   s e m i p e r m e a b l e   m e m b r a n e s   may  be  made ,   a n d  

to  p r o c e s s e s   f o r   m a k i n g   s u c h   s e m i p e r m e a b l e   m e m b r a n e s .   T h e  

s e m i p e r m e a b l e   m e m b r a n e s   of  t he   i n v e n t i o n   have   e x c e l l e n t  

s t r e n g t h   and  f l e x i b i l i t y ,   can  be  r e a d i l y   h a n d l e d   w i t h o u t  

i m p a i r i n g   t h e i r   p h y s i c a l   i n t e g r i t y ,   and  can  be  e a s i l y  

f a b r i c a t e d   i n t o   d e v i c e s   f o r   t he   s e p a r a t i o n   of  s u b s t a n c e s .  

S e m i p e r m e a b l e   m e m b r a n e s   in  a c c o r d a n c e   w i t h   the   i n v e n t i o n  

can  be  in  t he   form  of  t h i n   f i l m s ,   t u b i n g   or   h o l l o w   f i b e r s  

and  can  be  used   in  s u c h   m e d i c a l   a p p l i c a t i o n s   as  o x y g e n a -  
t i o n   and  p l a s m a p h e r e s i s .  

D e s c r i p t i o n   Of  The  P r i o r   A r t  

C o m m e r c i a l l y   a v a i l a b l e   s e m i p e r m e a b l e   m e m b r a n e s   a r e   m a d e  

f rom  a  v a r i e t y   of  p o l y m e r s   i n c l u d i n g   c e l l u l o s e ;   c e l l u l o s e  

e s t e r s ;   p o l y o l e f i n s   s u c h   as  p o l y p r o p y l e n e ;   p o l y a c r y l o n i -  

t r i l e ,   p o l y a m i d e s ,   p o l y s u l f o n e s ,   and  t h e   l i k e .   S u c h  

m e m b r a n e s   a r e   a v a i l a b l e   in  a  r a n g e   of  p o r e   s i z e s   and  h a v e  

b e e n   used   in ,   fo r   e x a m p l e ,   d i a l y s i s   and  b l o o d   o x y g e n a t i o n  

a p p l i c a t i o n s .   A  s e m i p e r m e a b l e   m e m b r a n e   of  p o l y p r o p y l e n e  

is   a v a i l a b l e   from  the   C e l a n e s e   C o r p o r a t i o n   u n d e r   t h e  

t r a d e m a r k   C e l g a r d .   A  p o l y p r o p y l e n e   m e m b r a n e   is  a l s o  

a v a i l a b l e   f rom  E n k a  G l a n z s t o f f   of  W u p p e r t a l ,   West   G e r m a n y ,  

u n d e r   the   t r a d e n a m e   PLASMAPHAN  and  has   b e e n   s u g g e s t e d   f o r  



use  in  such   a p p l i c a t i o n s   as  p l a s m a   s e p a r a t i o n .   O n e  

d i f f i c u l t y   w i t h   p o l y p r o p y l e n e   m e m b r a n e s   is  t h a t   t h e y   a r e  
b r i t t l e   and  t h u s   d i f f i c u l t   to  h a n d l e   and  f a b r i c a t e   i n t o  

the   a f o r e m e n t i o n e d   m e d i c a l   d e v i c e s .   A n o t h e r   d i f f i c u l t y  
w i t h   h e r e t o f o r e   a v a i l a b l e   p r i o r   a r t   m e m b r a n e s   made  f r o m  

p o l y p r o p y l e n e   is   t h a t   t h e y   a r e   d e f i c i e n t   in  t e n s i l e  

s t r e n g t h .  

Summary   of  t h e   I n v e n t i o n  

In  a c c o r d a n c e   w i t h   one  a s p e c t   of  the   p r e s e n t   i n v e n t i o n ,  

s e m i p e r m e a b l e   m e m b r a n e s   can  be  made  w h i c h   have   a  

c o m b i n a t i o n   of  t e n s i l e   s t r e n g t h ,   i n i t i a l   m o d u l u s   a n d  

p e r c e n t   e l o n g a t i o n   a t   b r e a k   w h i c h   makes   them  e x t r e m e l y  

a t t r a c t i v e   f o r   use  in  such   m e d i c a l   d e v i c e s   as  p l a s m a  

s e p a r a t o r s   and  b l o o d   o x y g e n a t o r s .   T h e s e   m e m b r a n e s   can  b e  

made  from  a  s t a r t i n g   c o m p o s i t i o n   w h i c h   c o m p r i s e s   a  m i x t u r e  

of  (a)  f rom  a b o u t   10  p e r c e n t   to  a b o u t   30  p e r c e n t   by  w e i g h t  

of  p o l y p r o p y l e n e ,   (b)  f rom  a b o u t   1  p e r c e n t   to  a b o u t   15 

p e r c e n t   by  w e i g h t   of  a  s e c o n d   p o l y m e r ,   and  (c)  f rom  a b o u t  

55  p e r c e n t   to  a b o u t   80  p e r c e n t   by  w e i g h t   of  a  p r o c e s s i n g  

a i d ,   t he   p e r c e n t a g e s   of  t h e s e   c o m p o n e n t s   b e i n g   such   t h a t  

f o r   a  g i v e n   m i x t u r e   t h e y   e q u a l   one  h u n d r e d   p e r c e n t .   T h e  

c o m p o s i t i o n   of  t he   i n v e n t i o n   m a y  a l s o   c o m p r i s e   m i n o r  

a m o u n t s   of  such   a d d i t i v e s   as  a n t i o x i d a n t s ,   c o l o r i n g  

a g e n t s ,   and  t he   l i k e .  

The  f o r e g o i n g   s t a r t i n g   c o m p o s i t i o n s   may  be  c o n v e r t e d ,   f o r  

e x a m p l e   by  e x t r u s i o n   a t   an  e l e v a t e d   t e m p e r a t u r e ,   i n t o   a  

s h a p e d   i n t e r m e d i a t e   a r t i c l e   h a v i n g   t he   form  of  a  f i l m ,  

t u b i n g ,   h o l l o w   f i b e r   or  t he   l i k e .   The  i n t e r m e d i a t e  

a r t i c l e   may  be  s u b s e q u e n t l y   p r o c e s s e d ,   as  fo r   e x a m p l e ,   by  

e x t r a c t i o n ,   to  r e m o v e   the   p r o c e s s i n g   a id   and ,   o p t i o n a l l y ,  

some  p a r t   or  s u b s t a n t i a l l y   a l l   of  the   s e c o n d   p o l y m e r ,   t o  

t h e r e b y   p r o v i d e   a  s e m i p e r m e a b l e   m e m b r a n e   whose   f o r m  

c o r r e s p o n d s   g e n e r a l l y   to  t h a t   of  t he   s h a p e d   i n t e r m e d i a t e  



a r t i c l e .   A  m i x t u r e   of  the   p o l y p r o p y l e n e   and  the   p r o c e s -  

s i n g   a id   mus t   be  c o m p a t i b l e   at   t he   e l e v a t e d   p r o c e s s i n g  

t e m p e r a t u r e   and  i n c o m p a t i b l e   when  c o o l e d   to  a m b i e n t  

t e m p e r a t u r e .   A  m i x t u r e   of  t he   p r o c e s s i n g   a i d   and  t h e  

a f o r e m e n t i o n e d   s e c o n d   p o l y m e r   m u s t   be  c o m p a t i b l e   a t   t h e  

e l e v a t e d   p r o c e s s i n g   t e m p e r a t u r e   and  mus t   r e m a i n   c o m p a t i b l e  

when  c o o l e d   to  a m b i e n t   t e m p e r a t u r e .   The  m i x t u r e   of  t h e  

p o l y p r o p y l e n e ,   t h e   s e c o n d   p o l y m e r   and  t he   p r o c e s s i n g   a i d  

m u s t   be  c o m p a t i b l e   a t   t he   e l e v a t e d   t e m p e r a t u r e   and  m u s t  

e x h i b i t   p h a s e   s e p a r a t i o n   of  t he   p o l y p r o p y l e n e   when  c o o l e d  

to  a m b i e n t   t e m p e r a t u r e .  

The  p o l y p r o p y l e n e   w h i c h   is  i n c l u d e d   in  t h e   s t a r t i n g   c o m -  

p o s i t i o n   is  p r e s e n t   in  the   f i n a l   s e m i p e r m e a b l e   m e m b r a n e .  

D e p e n d i n g   on  the   p r o c e s s i n g   c o n d i t i o n s   u s e d ,   a l l ,   some ,   o r  

s u b s t a n t i a l l y   none  of  t he   s e c o n d   p o l y m e r   may  be  r e t a i n e d  

in  t he   f i n a l   s e m i p e r m e a b l e   m e m b r a n e .   When  a l l   or  some  o f  

t h e   s e c o n d   p o l y m e r   p r e s e n t   in  t he   s t a r t i n g   c o m p o s i t i o n   i s  

r e t a i n e d ,   t he   f i n a l   s e m i p e r m e a b l e   m e m b r a n e   i n c l u d e s   b o t h  

p o l y p r o p y l e n e   and  the   s e c o n d   p o l y m e r   as  i t s .  p r i n c i p a l  

m e m b r a n e   f o r m i n g   c o m p o n e n t s .   When  s u b s t a n t i a l l y   a l l   o f  

t h e   s e c o n d   p o l y m e r   p r e s e n t   in  the   s t a r t i n g   c o m p o s i t i o n   i s  

r e m o v e d ,   t he   m e m b r a n e   f o r m i n g   c o m p o n e n t   of  t h e   f i n a l   s e m i -  

p e r m e a b l e   m e m b r a n e   c o n s i s t s   e s s e n t i a l l y   of  p o l y p r o p y l e n e  

w i t h   p e r h a p s   m i n o r   a m o u n t s   of  u n r e m o v e d   s e c o n d   p o l y m e r .  

In  e i t h e r   c a s e ,   i t   is  c o n t e m p l a t e d   t h a t   the   p r o c e s s i n g   a i d  

of  t h e   s t a r t i n g   c o m p o s i t i o n   w i l l   be  s u b s t a n t i a l l y  

c o m p l e t e l y   r e m o v e d   d u r i n g   p r o c e s s i n g ;   as  a  r e s u l t   t h e  

f i n a l   s e m i p e r m e a b l e   m e m b r a n e   c o n t a i n s   o n l y   m i n o r   a m o u n t s ,  

e . g . ,   0.5%  by  w e i g h t   or  l e s s ,   of  t he   p r o c e s s i n g   a i d .  

At  p r e s e n t ,   t he   s e c o n d   p o l y m e r   c o m p r i s i n g   t he   s t a r t i n g  

c o m p o s i t i o n   is  p r e f e r a b l y   s e l e c t e d   from  the   g r o u p  
c o n s i s t i n g   of  1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e ,   1 , 4 - p o J y b u -  

t a d i e n e ,   and  p o l y v i n y l   c h l o r i d e .   Of  t h e s e   p o l y m e r s ,  

1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e   is  mos t   p r e f e r r e d .  



The  p r e s e n t l y   p r e f e r r e d   p r o c e s s i n g   a id   i n c l u d e d   in  t h e  

s t a r t i n g   c o m p o s i t i o n   is  d i - ( 2 - e t h y l h e x y l ) p h t h a l a t e ,   w h i c h  

is   s o m e t i m e s   c a l l e d   " d i o c t y l   p h t h a l a t e "   or  "DOP".  W h i l e  

DOP  is   t h e   p r e s e n t l y   p r e f e r r e d   p r o c e s s i n g   a i d ,   a l t e r n a t i v e  

l i q u i d   m a t e r i a l s   wou ld   be  s u i t a b l e   f o r   use  as  p r o c e s s i n g  
a i d s   p r o v i d e d   s u c h   a l t e r n a t i v e   m a t e r i a l s   have   a  b o i l i n g  

p o i n t   w h i c h   is  h i g h e r   t h a n   t he   m e l t i n g   p o i n t   of  the   p o l y -  

p r o p y l e n e   and  the   s e c o n d   p o l y m e r   and  f u r t h e r   p r o v i d e d   t h a t  

t h e   a f o r e m e n t i o n e d   c o m p a t a b i l i t y   r e q u i r e m e n t s   a re   m e t .  

S e m i p e r m e a b l e   m e m b r a n e s   a c c o r d i n g   to  t he   i n v e n t i o n   can  b e  

made  in  f i l m ,   s h e e t ,   t u b e   or  h o l l o w   f i b e r   f o r m .   They  h a v e  

e x c e l l e n t   s t r e n g t h ,   f l e x i b i l i t y ,   and  e l o n g a t i o n   as  a  

r e s u l t   of  w h i c h   t h e y   can  be  e a s i l y   f a b r i c a t e d   i n t o   a  

v a r i e t y   of  m e d i c a l   or  i n d u s t r i a l   d e v i c e s   u s e f u l   fo r   t h e  

s e p a r a t i o n   of  s u b s t a n c e s   f rom  one  a n o t h e r .   S e m i p e r m e a b l e  

m e m b r a n e s   in  a c c o r d a n c e   w i t h   the   p r e s e n t   i n v e n t i o n   h a v e  

b e e n   made  w i t h   v a r i o u s   h y d r a u l i c   p e r m e a b i l i t i e s   and ,   a s  

m e n t i o n e d   e a r l i e r ,   can  be  u sed   in  such   d e v i c e s   as  o x y g e n a -  

t o r s ,   p l a s m a   s e p a r a t o r s   and  the   l i k e .  

In  a c c o r d a n c e   w i t h   s t i l l   a n o t h e r   a s p e c t   of  t h e   p r e s e n t  

i n v e n t i o n ,   t h e r e   is   p r o v i d e d   a  p r o c e s s   f o r   m a k i n g   s e m i p e r -  

m e a b l e   m e m b r a n e s   c o m p r i s i n g   p o l y p r o p y l e n e ,   wh ich   p r o c e s s  

i n c l u d e s   t he   s t e p s   of  p r o v i d i n g   a  m i x t u r e   of  (a)  f r o m  

a b o u t   10  p e r c e n t   to   a b o u t   30  p e r c e n t   by  w e i g h t   of  p o l y -  

p r o p y l e n e ,   (b)  f rom  a b o u t   1  p e r c e n t   to  a b o u t   15  p e r c e n t   by  

w e i g h t   of  a  s e c o n d   p o l y m e r ,   and  (c)  f rom  a b o u t   55  p e r c e n t  

to   a b o u t   80  p e r c e n t   by  w e i g h t   of  a  p r o c e s s i n g   a i d ;   h e a t i n g  

s a i d   m i x t u r e   u n t i l   i t   is  h o m o g e n e o u s ;   f o r m i n g   s a i d   h e a t e d  

h o m o g e n e o u s   m i x t u r e   i n t o   a  s h a p e d   a r t i c l e ;   c o o l i n g   s a i d  

s h a p e d   a r t i c l e ;   and  r e m o v i n g   s a i d   s e c o n d   p o l y m e r   and  s a i d  

l i q u i d   p r o c e s s i n g   a id   f rom  s a i d   s h a p e d ,   c o o l e d   a r t i c l e .  

The  i n v e n t i o n   a l s o   i n c l u d e s   a  p r o c e s s   fo r   m a k i n g   s e m i p e r -  

m e a b l e   m e m b r a n e s   c o m p r i s i n g  p o l y p r o p y l e n e   a n d  a   s e c o n d  



p o l y m e r ,   wh ich   p r o c e s s   i n c l u d e s   the   s t e p s   of  p r o v i d i n g   a  

m i x t u r e   of  (a)  from  a b o u t   10  p e r c e n t   to  a b o u t   30  p e r c e n t  

by  w e i g h t   of  p o l y p r o p y l e n e ,   (b)  f rom  a b o u t   1  p e r c e n t   t o  

a b o u t   15  p e r c e n t   by  w e i g h t   of  a  s e c o n d   p o l y m e r ,   and  ( c )  

f rom  a b o u t   55  p e r c e n t   to  a b o u t   80  p e r c e n t   by  w e i g h t   of  a  

p r o c e s s i n g   a i d ;   h e a t i n g   s a i d   m i x t u r e   u n t i l   i t   i s   h o m o -  

g e n e o u s ;   f o r m i n g   s a i d   h e a t e d ,   h o m o g e n e o u s   m i x t u r e   i n t o   a  

s h a p e d   a r t i c l e ;   c o o l i n g   s a i d   s h a p e d   a r t i c l e ;   and  r e m o v i n g  

s a i d   l i q u i d   p r o c e s s i n g   a id   from  s a i d   s h a p e d ,   c o o l e d  

a r t i c l e .  

In  the   a f o r e m e n t i o n e d   p r o c e s s e s ,   t he   h e a t e d   c o m p o s i t i o n  

may  be  f o r m e d   i n t o   the   d e s i r e d   s h a p e d   a r t i c l e   by  s u c h  

m e t h o d s   as  c a s t i n g   or  e x t r u s i o n ,   t h e   l a t t e r   b e i n g   p r e f e r -  

r e d .   C o o l i n g   of  the   s h a p e d   a r t i c l e   may  be  e f f e c t e d   b y  

q u e n c h i n g   t h e r e o f   in  a  g a s e o u s   or  l i q u i d   m e d i u m .   T h e  

l i q u i d   p r o c e s s i n g   a id   may  be  r e m o v e d   from  the   c o o l e d ,  

s h a p e d   a r t i c l e ,   w h i l e   l e a v i n g   the   p o l y p r o p y l e n e   and  t h e  

s e c o n d   p o l y m e r   t h e r e i n ,   by  e x t r a c t i n g   the   c o o l e d   s h a p e d  

a r t i c l e   w i t h   a  l i q u i d   w h i c h   is   a  good  s o l v e n t   f o r   t h e  

p r o c e s s i n g   a i d   and  a  n o n - s o l v e n t   f o r   t he   p o l y p r o p y l e n e   a n d  

t he   s e c o n d   p o l y m e r .   E x t r a c t i n g   t he   c o o l e d   s h a p e d   a r t i c l e  

w i t h   a  l i q u i d   w h i c h   is  a  good  s o l v e n t   f o r   t he   p r o c e s s i n g  

a id   and  in  w h i c h   t h e   s e c o n d   p o l y m e r   has   o n l y   l i m i t e d   s o l u -  

b i l i t y   and  in  w h i c h   the   p o l y p r o p y l e n e   is  no t   s o l u b l e   w i l l  

r e s u l t   in  a  f i n a l   s e m i p e r m e a b l e   m e m b r a n e   w h i c h   i s   s u b s t a n -  

t i a l l y   f r e e   of  the   l i q u i d   p r o c e s s i n g   a i d   and  w h i c h ,  

c o m p a r e d   to  t he   s t a r t i n g   c o m p o s i t i o n ,   h a s   a  r e d u c e d   r a t i o  

of   t he   s e c o n d   p o l y m e r   to  t he   p o l y p r o p y l e n e .   E x t r a c t i n g  

the   c o o l e d   s h a p e d   a r t i c l e   w i t h   a  l i q u i d   w h i c h   is   a  g o o d  

s o l v e n t   f o r   b o t h   the   p r o c e s s i n g   a id   and  t h e   s e c o n d   p o l y m e r  

bu t   n o t   t he   p o l y p r o p y l e n e   w i l l   r e s u l t   in  a  f i n a l   s e m i p e r -  

m e a b l e   m e m b r a n e   in  w h i c h   the   m e m b r a n e   f o r m i n g   m a t e r i a l  

c o n s i s t s   e s s e n t i a l l y   of  p o l y p r o p y l e n e .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  i n v e n t i o n   w i l l   be  b e t t e r   u n d e r s t o o d   w i t h   r e f e r e n c e   t o  

t h e   a p p e n d e d   d r a w i n g s   in  w h i c h :  

FIG.  1  is  a  s c h e m a t i c   d i a g r a m   s h o w i n g   the   e q u i p m e n t   a n d  

s t e p s   f o r   m a k i n g   s e m i p e r m e a b l e   m e m b r a n e s   in  a c c o r d a n c e  

w i t h   t h e  p r e s e n t   i n v e n t i o n .  

FIG.  2  is   a  t r i a n g u l a r   g r a p h   s h o w i n g   t he   a m o u n t s   of  p o l y -  

p r o p y l e n e ,   s e c o n d   p o l y m e r   and  p r o c e s s i n g   a id   c o m p r i s i n g  

the   m i x t u r e   w h i c h   is  i n c l u d e d   in  t h e   s t a r t i n g   c o m p o s i t i o n  

of  t he   p r e s e n t   i n v e n t i o n .  

As  u s e d   in  t h i s   s p e c i f i c a t i o n   and  in  t he   c l a i m s   a p p e n d e d  

h e r e t o ,   two  or  more  c o m p o n e n t s   s h a l l   be  c o n s i d e r e d   to  b e  

c o m p a t i b l e   at   a  g i v e n   t e m p e r a t u r e   when ,   as  j u d g e d  

v i s u a l l y ,   a  m i x t u r e   of  t h o s e   two  or  more  c o m p o n e n t s   at  t h e  

g i v e n   t e m p e r a t u r e   f o r m s   a  s i n g l e ,   c o n t i n u o u s   p h a s e .  

The  m o d u l u s ,   t e n s i l e   s t r e n g t h   and  p e r c e n t   e l o n g a t i o n   a t  

b r e a k   d a t a   r e p o r t e d   h e r e i n   were   d e t e r m i n e d   on  an  I n s t r o n  

t e s t e r .   M o d u l u s   d e t e r m i n a t i o n s   were   made  at   a  c r o s s h e a d  

s p e e d   of  50  m i l l i m e t e r s   p e r   m i n u t e   ( m m . / m i n . )   a n d  p e r c e n t  

e l o n g a t i o n   at   b r e a k   m e a s u r e m e n t s   were   made  at  a  c r o s s h e a d  

s p e e d   of  500  m m . / m i n .  

D e t a i l e d   D e s c r i p t i o n   of  t he   I n v e n t i o n  

E x a m p l e   1 

A  c o m p o s i t i o n   in  a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n   a n d  

f rom  w h i c h   a  s e m i p e r m e a b l e   m e m b r a n e   of  the   i n v e n t i o n   c a n  

be  made  c o m p r i s e s   a  m i x t u r e   of  50  p a r t s   by  w e i g h t   o f  

i s o t a c t i c   p o l y p r o p y l e n e ,   2 .5   p a r t s   by  w e i g h t   of  1 , 2 -  

s y n d i o t a c t i c   p o l y b u t a d i e n e ,   a n d  5 0   p a r t s   by  w e i g h t   o f  



d i - ( 2 - e t h y l h e x y l )   p h t h a l a t e   ( d i o c t y l   p h t h a l a t e ) .   T h i s  

m i x t u r e   c o n t a i n s   48 .78%  by  w e i g h t   of  t he   p o l y p r o p y l e n e ,  

2.44%  by  w e i g h t   of  t he   p o l y b u t a d i e n e ,   and  48 .78%  by  w e i g h t  

of  t he   p h t h a l a t e   e s t e r .   The  p o l y p r o p y l e n e   u s e d   w a s  

i s o t a c t i c   p o l y p r o p y l e n e   c o m m e r c i a l l y   a v a i l a b l e   u n d e r   t h e  

name  S o l t e x   F o r t i l e n e   S p h e r e s   9605  and  h a v i n g   a  m e l t   i n d e x  

( a s   d e t e r m i n e d   by  ASTM  Method   D - 1 2 3 8 )   of  1 2 g / 1 0   min .   T h e  

1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e ,   w h i c h   was  o b t a i n e d   f r o m  

U n i r o y a l   C h e m i c a l   Company  u n d e r   t he   d e s i g n a t i o n   RB  8 2 0 ,  

had  a  d e n s i t y   of  0 . 9 0 1   g / c m 3 ;  a   c r y s t a l l i n i t y   of  18%;  a  

1 , 2 - u n i t   c o n t e n t   of  90%;  m e l t   f low  i n d e x   of  3 g / 1 0   min  a t  

150°C  (ASTM  Method  D - 1 2 3 8 ) ;   and  a  V i c a t   s o f t e n i n g   p o i n t   o f  

39°C  (ASTM  Method  D - 1 5 2 5 ) .   The  m o l e c u l a r   w e i g h t   of  t h i s  

m a t e r i a l   was  in  e x c e s s   of  1 0 0 , 0 0 0 .   The  d i - ( 2 - e t h y l h e x y l )  

p h t h a l a t e   e m p l o y e d   was  p l a s t i c i z e r   g r a d e ;   i t   can  b e  

o b t a i n e d   c o m m e r c i a l l y   f rom  a  n u m b e r   of  s u p p l i e r s .  

A  s e m i p e r m e a b l e   m e m b r a n e   was  p r e p a r e d   f rom  t h e   f o r e g o i n g  

c o m p o s i t i o n   u s i n g   t h e   f o l l o w i n g   p r o c e d u r e .   The  t h r e e  

m a t e r i a l s   were   b l e n d e d   a t   165°C  in  a  B r a b e n d e r   m i x e r   u n t i l  

a  s u b s t a n t i a l l y   u n i f o r m   m o l t e n   c o m p o s i t i o n   was  o b t a i n e d .  

The  c o m p o s i t i o n   was  r e m o v e d   f rom  t he   m i x e r   and  a l l o w e d   t o  

c o o l   to  room  t e m p e r a t u r e .   The  c o o l e d   m a t e r i a l   was  t h e r e -  

a f t e r   g r o u n d   i n t o   p o w d e r   form  to  f a c i l i t a t e   h a n d l i n g   a n d  

p r o c e s s i n g .   The  g r o u n d   p o w d e r   was  s m a l l   e n o u g h   to  p a s s  

t h r o u g h   a  s c r e e n   of  s t a n d a r d   mesh  N o .  3   1 / 2 .   One  gram  o f  

t h i s   p o w d e r   was  p l a c e d   in  a  s m a l l   p i l e   b e t w e e n   two  n y l o n  

b a c k i n g   s h e e t s .   The  b a c k i n g   s h e e t s   w i t h   t h e   p o w d e r  

t h e r e b e t w e e n   were   p l a c e d   in  a  ho t   p r e s s   whose   p l a t e s   w e r e  

p r e h e a t e d   to  1 5 0 ° C .   The  p r e s s   was  c l o s e d   and  t he   p r e s s u r e  

on  t he   p l a t e s   was  i n c r e a s e d   to  1 0 , 0 0 0   p s i   at  w h i c h   l e v e l  

i t   was  m a i n t a i n e d   f o r   a  p e r i o d   of  t h r e e   m i n u t e s   a t   1 5 0 ° C .  

The  p r e s s u r e   was  r e l e a s e d   and  the   s h e e t s   were   p l a c e d   i n  

c o l d   w a t e r   a f t e r   w h i c h   t h e y   were   p e e l e d   a p a r t   to  r e c o v e r  

t h e   s e m i p e r m e a b l e   m e m b r a n c   w h i c h   had  b e e n   f o r m e d   t h e r e b e -  

t w e e n .   The  s e m i p e r m e a b l e   m e m b r a n e   so  o b t a i n e d   w a s  



s u b s e q u e n t l y   e x t r a c t e d   in  i s o p r o p a n o l   (a  good  s o l v e n t   f o r  

d i o c t y l   p h t h a l a t e   and  a  n o n - s o l v e n t   f o r   t h e   s y n d i o t a c t i c  

p o l y b u t a d i e n e )   f o r   one  h o u r   at   room  t e m p e r a t u r e   a f t e r  

w h i c h   t he   e x t r a c t e d   m e m b r a n e   was  r e m o v e d   and  a l l o w e d   t o  
a i r   d r y .   The  r e s u l t i n g   s e m i p e r m e a b l e   m e m b r a n e   had  a  

h y d r a u l i c   p e r m e a b i l i t y   of  1 7 . 0   m l / h r . m m . H g . m 2 ,   e x c e l l e n t  

s t r e n g t h   and  c o u l d   be  r e a d i l y   h a n d l e d   w i t h o u t   c r a c k i n g   o r  

d i s i n t e g r a t i n g .   T h i s   m e m b r a n e   is  u s e f u l   as  a  m e m b r a n e   f o r  

a  b l o o d   o x y g e n a t o r .  

E x a m p l e   2 

S e m i p e r m e a b l e   m e m b r a n e s   in  a c c o r d a n c e   w i t h   the   p r e s e n t  
i n v e n t i o n   can  be  r e a d i l y   made  in  t he   form  of  h o l l o w   f i b e r s  

h a v i n g   a  c o n t i n u o u s   lumen   r u n n i n g   l o n g i t u d i n a l l y   t h e r e o f .  

In  g e n e r a l ,   t he   p r o c e s s   f o r   m a k i n g   such   h o l l o w   f i b e r s  

i n c l u d e s   t he   s t e p s   of  1)  p r o v i d i n g   a  s t a r t i n g   c o m p o s i t i o n  

c o m p r i s i n g   a  m i x t u r e   of  p o l y p r o p y l e n e ,   a  s e c o n d   p o l y m e r ,  
and  a  p r o c e s s i n g   a i d ,   2)  h e a t i n g   and  m i x i n g   the   s t a r t i n g  

c o m p o s i t i o n   u n t i l   i t   is  h o m o g e n e o u s ,   3)  f o r m i n g   t h e  

h e a t e d ,   h o m o g e n e o u s   s t a r t i n g   c o m p o s i t i o n   i n t o   a  h o l l o w  

f i b e r   i n t e r m e d i a t e ,   4)  q u e n c h i n g   t he   f o r m e d   h o l l o w   f i b e r ,  

and  5)  t r e a t i n g   t h e   q u e n c h e d   h o l l o w   f i b e r   i n t e r m e d i a t e   t o  

r e m o v e   t he   p r o c e s s i n g   a id   o n l y   or  to  r e m o v e   b o t h   t h e  

s e c o n d   p o l y m e r   and  the   p r o c e s s i n g   a i d .  

The  i t e m s   of  e q u i p m e n t   n e e d e d   to  p r e p a r e   s e m i p e r m e a b l e  

m e m b r a n e s   of  the   i n v e n t i o n   in  the   form  of  h o l l o w   f i b e r s  

a r e   r e a d i l y   a v a i l a b l e   f rom  v a r i o u s   c o m m e r c i a l   s u p p l i e r s .  

S u i t a b l e   e q u i p m e n t   is  i l l u s t r a t e d   s c h e m a t i c a l l y   in  F i g u r e  

1  and  c o m p r i s e s   a  m i x e r   10,  a  g r i n d e r   12,   an  e x t r u d e r   1 4 ,  

and  a  t r e a t m e n t   means   16  f o r   t r e a t i n g   the   h o l l o w   f i b e r  

e x t r u d a t e   to  r e m o v e   t h e r e f r o m   the   l i q u i d   p r o c e s s i n g   a id   o r  

t h e   l i q u i d   p r o c e s s i n g   a id   and  the   a f o r e m e n t i o n e d   s e c o n d  

p o l y m e r   in  o r d e r   to  o b t a i n   t he   f i n a l   s e m i p e r m e a b l e   h o l l o w  

f i b e r   m e m b r a n e .  



M i x e r   10  c o m p r i s e s   a  k e t t l e   f i t t e d   w i t h   an  e x t e r i o r l y  

l o c a t e d   h e a t i n g   band  and  e q u i p p e d   w i t h   a  m o t o r   d r i v e n  

s t i r r e r .   A  s u i t a b l e   g r i n d e r   is  t h a t   a v a i l a b l e   from  C.W. 

B r a b c n d e r   ( H a c k e n s a c k ,   New  J e r s e y )   u n d e r   Model   No.  S 1 0 / 9 .  

T h i s   g r i n d e r   is  f i t t e d   at   i t s   e x i t   end  w i t h   a  s i e v i n g  

s c r e e n   h a v i n g   s q u a r e   o p e n i n g s   w h i c h   a r e   10  mm.  on  a  s i d e .  

E x t r u d e r   14  is  a  g e n e r a l   p u r p o s e   e x t r u d e r   whose   s c r e w   h a s  

a  c o m p r e s s i o n   r a t i o   of  2  to  1  and  a  l e n g t h   to  d i a m e t e r  

r a t i o   of  25  to  1.  The  b a r r e l   of  the   e x t r u d e r   has   f o u r  

z o n e s   whose   t e m p e r a t u r e s   can   be  i n d i v i d u a l l y   c o n t r o l l e d   a s  

d e s i r e d .   The  e x i t   end  of  t he   e x t r u d e r   is  f i t t e d   w i t h   a  

t u b e - i n - o r i f i c e   s p i n n e r e t   15  f o r   f o r m i n g   t he   m a t e r i a l  

p a s s i n g   t h r o u g h   the   e x t r u d e r   i n t o   a  h o l l o w   f i b e r   e x t r u -  

d a t e .   The  s p i n n e r e t   is  f i t t e d   w i t h   a  h e a t i n g   means   s o  

t h a t   i t s   t e m p e r a t u r e   can  a l s o   be  c o n t r o l l e d .   The  d i m e n -  

s i o n s   of  t he   t u b e - i n - o r i f i c e   s p i n n e r e t   a r e   s e l e c t e d   t o  

p r o v i d e   a  f i n a l   h o l l o w   f i b e r   m e m b r a n e   h a v i n g   the   d e s i r e d  

i n s i d e   and  o u t s i d e   d i a m e t e r s .   I t   w i l l   be  u n d e r s t o o d   t h a t  

t h e   t u b e - i n - o r i f i c e   s p i n n e r e t   w i l l   be  d i m e n s i o n e d   so  as  t o  

a l l o w   f o r   r e d u c t i o n s   in  w a l l   t h i c k n e s s   w h i c h   w i l l   o c c u r  

(1)  as  a  r e s u l t   of  t he   a m o u n t   of  draw  b e t w e e n   the   t i m e   t h e  

e x t r u d a t e   l e a v e s   t he   s p i n n e r e t   and  the   t i m e   i t   is  c o o l e d  

or   q u e n c h e d ,   and  (2)  as  a  r e s u l t   of  t he   s u b s e q u e n t   r e m o v a l  

f rom  the   q u e n c h e d   e x t r u d a t e   of  e i t h e r   t h e   l i q u i d   p r o c e s -  

s i n g   a id   or  the   p r o c e s s i n g   a id   and  the   s e c o n d   p o l y m e r .  

The  t u b e   of  t he   t u b e - i n - o r i f i c e   s p i n n e r e t   is  h o l l o w   and  i s  

c o n n e c t e d   to  a  s o u r c e   of  f l u i d ,   such   as  a i r   or  n i t r o g e n ,  

w h i c h   is   pumped  t h e r e t h r o u g h   i n t o   t he   l u m e n   of  t he   h o l l o w  

f i b e r   e x t r u d a t e   in  o r d e r   to  p r e v e n t   w a l l   c o l l a p s e   u n t i l  

s u c h   t i m e   as  t he   e x t r u d a t e   has   b e e n   q u e n c h e d .   A s s u m i n g  

t h a t   the   l i q u i d   p r o c e s s i n g   a i d   or  t he   l i q u i d   p r o c e s s i n g  

a i d   and  t he   s e c o n d   p o l y m e r   w i l l   be  r e m o v e d   f rom  t he   e x t r u -  

d a t e   by  an  e x t r a c t i o n   p r o c e s s ,   t r e a t m e n t   means   16  is  s u i t -  

a b l y   a  c o n t a i n e r   in  w h i c h   the   e x t r u d a t e   may  be  h e l d   a n d  

t h r o u g h   w h i c h   an  e x t r a c t i o n   s o l v e n t   can  be  c i r c u l a t e d .   I t  

w i l l   be  u n d e r s t o o d   t h a t   the   e x t r u d a t e   l e a v i n g   t h e  



s p i n n e r e t   may,  a f t e r   q u e n c h i n g ,   be  p a s s e d   in  c o n t i n u o u s  

f a s h i o n   to  t r e a t m e n t   means   16;  a l t e r n a t i v e l y ,   t h e  

e x t r u d a t e   may  be  q u e n c h e d   and  t h e n   c o l l e c t e d ,   e . g . ,   o n  

s p o o l s   or  r o t a t i n g   c i r c u l a r   f r a m e s .   The  e x t r u d a t e   s o  

c o l l e c t e d   may  t h e r e a f t e r   be  t r e a t e d   in  the   t r e a t m e n t   m e a n s  

w h i c h   can  be  l o c a t e d ,   i f   d e s i r e d ,   in  a  d i f f e r e n t  p a r t   o f  

t h e   m a n u f a c t u r i n g   s i t e .  

I t   is   p r e f e r a b l e ,   in  i n s t a n c e s   w h e r e   t he   e x t r u d a t e   h a s  

b e e n   q u e n c h e d   w i t h   a  l i q u i d   such   as  i s o p r o p a n o l ,   to  r e m o v e  

the   q u e n c h   l i q u i d   f rom  t h e   o u t e r   s u r f a c e   of  the   e x t r u d a t e ,  

f o r   e x a m p l e ,   by  means   of  a  s u i t a b l e   r i n s e   s t e p .   Any  

r e m a i n i n g   a m o u n t s   of  r i n s i n g   l i q u i d   can  be  r e m o v e d   by,  f o r  

e x a m p l e ,   d i r e c t i n g   a  s t r e a m   of  c o m p r e s s e d   a i r   at  the   o u t e r  

s u r f a c e   of  t he   r i n s e d   e x t r u d a t e .   In  c a s e s   w h e r e   t h e  

e x t r u d a t e   is  not   i m m e d i a t e l y   t r e a t e d   to  r emove   the   p r o c e s -  

s i n g   a i d   a n d / o r   t he   s e c o n d   p o l y m e r   bu t   is  i n s t e a d   c o l -  

l e c t e d   to  a w a i t   f u r t h e r   p r o c e s s i n g ,   the   c o l l e c t e d   e x t r u -  

d a t e   may  be  f o r m e d   by  known  m e t h o d s   i n t o   r e l a t i v e l y   s h o r t  

l e n g t h   b u n d l e s   w h i c h   may  t h e n   be  t r e a t e d   to  r emove   t h e  

p r o c e s s i n g   a id   a n d / o r   s e c o n d   p o l y m e r .  

A  s e m i p e r m e a b l e   m e m b r a n e   c o m p r i s i n g   p o l y p r o p y l e n e   b u t  

h a v i n g   v e r y   l i t t l e   or  s u b s t a n t i a l l y   no  s e c o n d   p o l y m e r   w a s  

made  u s i n g   the   e q u i p m e n t   of  F i g u r e   1  and  the   f o l l o w i n g  

p r o c e s s i n g   s t e p s :  

1400  g r a m s   of  d i - ( 2 - e t h y l h e x y l ) p h t h a l a t e   ( h e r e i n a f t e r  

c a l l e d   DOP)  we re   p l a c e d   in  a  k e t t l e   and  h e a t e d   to  1 8 0  -  

1 9 0 ° C .   400  g r a m s   of  i s o t a c t i c   p o l y p r o p y l e n e   ( F o r t i l e n e  

S p h e r e s   No.  9605  a v a i l a b l e   from  S o l t e x )   w e r e  a d d e d   to  t h e  

k e t t l e   and  mixed   u n t i l   t he   DOP  and  p o l y p r o p y l e n e   w e r e  

h o m o g e n e o u s .   H o m o g e n e i t y   was  t a k e n   to  be  t h a t   p o i n t   a t  

w h i c h   p o l y p r o p y l e n e   p e l l e t s   were  no  l o n g e r   o b s e r v a l b l e   i n  

t h e   h e a t e d   c o m p o s i t i o n .   The  t e m p e r a t u r e   in  the  k e t t l e   w a s  

t h e n   r e d u c e d   to  180°C  and  160  g r a m s   of  1 , 2 - s y n d i o t a c t i c  



p o l y b u t a d i e n e   (SPD)  we re   a d d e d .   M i x i n g   was  c o n t i n u e d   a t  

180°C  fo r   an  a d d i t i o n a l   15  m i n u t e s .   The  t h r e e - c o m p o n e n t  

m i x t u r e   ( t h e   " s t a r t i n g   c o m p o s i t i o n " )   was  t h e n   p o u r e d   i n t o  

a  s h a l l o w   t r a y   and  a l l o w e d   to  c o o l   to  room  t e m p e r a t u r e .  

The  s t a r t i n g   c o m p o s i t i o n   was  p a s s e d   t h r o u g h   g r i n d e r   12  t o  

form  a  c o m m i n u t e d   s t a r t i n g   c o m p o s i t i o n   w h i c h   p a s s e d  

t h r o u g h   a  s i e v e   h a v i n g   10  mm.  o p e n i n g s .   E x t r u d e r   14  w a s  

p r e h e a t e d   so  t h a t   zone  1  ( n e a r e s t   t h e   f e e d   h o p p e r )   w a s  

9 0 ° C ,   zone  2  was  1 1 0 ° C ,   zone  3  was  1 5 5 ° C ,   and  zone   4  ( t h e  

zone  n e a r e s t   to  t he   t u b e - i n - o r i f i c e   s p i n n e r e t )   was  1 8 5 ° C .  

The  s p i n n e r e t ,   whose   o r i f i c e   has   a  d i a m e t e r   of  0 . 1 2 4   i n c h  

( 0 . 3 1 5   cm)  and  whose   h o l l o w   t u b e   had  an  o u t s i d e   d i a m e t e r  

0 . 0 9 6   i nch   ( 0 . 2 4 4   cm) ,   was  h e a t e d   to  1 7 5 ° C .   The  e x t r u d e r  

was  p r o v i d e d   w i t h   a  s c r e e n   p a c k   c o m p r i s i n g   t h r e e   s c r e e n s  
whose   mesh  s i z e s   were   40,  80  and  150  r e s p e c t i v e l y .   T h i s  

s c r e e n   p a c k   was  p l a c e d   in  the   e x t r u d e r   j u s t   u p s t r e a m   o f  

t he   s p i n n e r e t ,   the   c o a r s e s t   s c r e e n   b e i n g   p l a c e d   f u r t h e s t  

f rom  the   s p i n n e r e t   and  the   f i n e s t   s c r e e n   b e i n g   p l a c e d  

n e a r e s t   the   s p i n n e r e t .   The  e x t r u d e r   s c r e w   was  r o t a t e d   a t  

7  RPMs.  The  c o m m i n u t e d   s t a r t i n g   c o m p o s i t i o n   was  a d d e d   t o  

t h e   f e e d   h o p p e r   of  t he   e x t r u d e r   and  f o r c e d   by  the   s c r e w  

t h r o u g h   the   t u b e - i n - o r i f i c e   s p i n n e r e t .   The  e x t r u d a t e  

w h i c h   e x i t e d   the   s p i n n e r e t   was  a l l o w e d   to  f a l l   a b o u t  

12  i n c h e s   ( 3 0 . 5   cm)  i n t o   a  s h a l l o w   t a n k   m e a s u r i n g   a b o u t   3 

f e e t   ( 9 1 . 5   cm)  l o n g ,   3  i n c h e s   ( 7 . 6 2   cm)  wide   and  2  i n c h e s  

( 5 . 1   cm)  d e e p   and  f i l l e d   w i t h   i s o p r o p a n o l   to  a  d e p t h   o f  

a p p r o x i m a t e l y   1 .5  i n c h e s   ( 3 . 8   cm)  w h e r e   t he   e x t r u d a t e   w a s  

q u e n c h e d .   The  e x t r u d a t e   was  c o n t i n u o u s l y   d r a w n   i n t o   a n d  

o u t   of  the   i s o p r o p a n o l   q u e n c h   b a t h ;   u n d e r   s t e a d y   s t a t e  

c o n d i t i o n s ,   the   q u e n c h   b a t h   e q u i l i b r a t e d   a t   3 1 ° C .   A f t e r  

e x i t i n g   the   q u e n c h   b a t h ,   t he   h o l l o w   f i b e r   e x t r u d a t e   w a s  

p a s s e d   t h r o u g h   a  w a t e r   b a t h   to  r i n s e   o f f   r e s i d u a l   i s o p r o -  

p a n o l .   E x c e s s   w a t e r   was  r e m o v e d   from  the   s u r f a c e   of  t h e  

e x t r u d a t e   by  b l o w i n g   w i t h   c o m p r e s s e d   a i r   and  t he   e x t r u d a t e  

was  c o l l e c t e d   in  c o i l e d   f o r m .   A b o u t   500  f i b e r s ,   e a c h  

a b o u t   30  cm.  in  l e n g t h ,   were   c u t   from  the   a f o r e m e n t i o n e d  



e x t r u d a t e   and  p l a c e d   in  t r e a t m e n t   means   16  fo r   e x t r a c t i o n  

w i t h   t e t r a c h l o r o e t h y l e n e .   The  w e i g h t   r a t i o   of  e x t r a c t i n g  

s o l v e n t   to  e x t r u d a t e   d u r i n g   the   e x t r a c t i o n   c y c l e   was  1 4 : 1 .  

A  d y n a m i c   e x t r a c t i o n   was  u s e d ,   t h a t   i s ,   t he   t e t r a c h l o r y l -  

e t h y l e n e   was  c o n t i n u o u s l y   r e c i r c u l a t e d   t h r o u g h   the   e x t r a c -  

t i o n   t a n k .   Two  e x t r a c t i o n   c y c l e s ,   e a c h   30  m i n u t e s   i n  

l e n g t h ,   were   e m p l o y e d .   A f t e r   e x t r a c t i o n ,   the   f i n a l   s e m i -  

p e r m e a b l e   h o l l o w   f i b e r s   were   a l l o w e d   to  d r y .   R e p r e s e n t a -  
t i v e   s a m p l e s   were   t h e n   a n a l y z e d   f o r   t h e i r   c h e m i c a l   c o m p o -  
s i t i o n   and  f o u n d   to  c o n t a i n   l e s s   t h a n   0.5%  by  w e i g h t   DOP, 

and  l e s s   t h a n   0.1%  by  w e i g h t   of  1 , 2 - s y n d i o t a c t i c   p o l y b u t a -  

d i e n e ,   t h a t   i s ,   t h e   s e m i p e r m e a b l e   h o l l o w   f i b e r s   r e s u l t i n g  

f rom  the   a f o r e m e n t i o n e d   p r o c e s s   c o m p r i s e d   g r e a t e r   t h a n  

99.4%  by  w e i g h t   of  p o l y p r o p y l e n e .   The  s e m i p e r m e a b l e  

h o l l o w   f i b e r s   were   a l s o   t e s t e d   f o r   w a l l   t h i c k n e s s ,   i n s i d e  

d i a m e t e r ,   c r o s s - s e c t i o n a l   a r e a ,   h y d r a u l i c  p e r m e a b i l i t y ,  

w a l l   r a t i o ,   maximum  p o r e   s i z e ,   p e r c e n t   e l o n g a t i o n   a t  

b r e a k ,   i n i t i a l   m o d u l u s ,   and  t e n s i l e   s t r e n g t h   a t   b r e a k .  

The  r e s u l t s   of  t h i s   t e s t i n g   were   as  f o l l o w s :  

Wa l l   t h i c k n e s s :   1 8 6 . 9   m i c r o n s  

I n s i d e   d i a m e t e r :   1 7 1 . 6   m i c r o n s  

C r o s s - s e c t i o n a l   a r e a :   21  x  10-4   cm 

H y d r a u l i c   p e r m e a b i l i t y :   9235  m l / m .   H g / m e t e r 2 / h r .  

Maximum  p o r e   s i z e :   2 .6   m i c r o n s   (ASTM  Method  S 3 1 6 - 7 0   [ 1 9 7 6 ] )  

P e r c e n t   e l o n g a t i o n :   7 3 3  

M o d u l u s :   2165  k g . / c m . 2  

T e n s i l e :   109  k g . / c m . 2  



As  m e n t i o n e d   a b o v e ,   t he   f i n a l   s e m i p e r m e a b l e   m e m b r a n e  

c o m p r i s e d   g r e a t e r   t h a n   99 .4%  p o l y p r o p y l e n e   w i t h   s n a i l  

r e s i d u a l   a m o u n t s   of  d i o c t y l t h a l a t e   and  1 , 2 - s y n d i o t a c t i c  

p o l y b u t a d i e n e .   T h i s   was  b e c a u s e   t he   s o l v e n t   s e l e c t e d   f o r  

e x t r a c t i o n ,   n a m e l y   t e t r a c h l o r y l e t h y l e n e ,   is  a  good  s o l v e n t  

f o r   b o t h   t he   p r o c e s s i n g   a i d   d i o c t y l   p h t h a l a t e   and  t h e  

s e c o n d   p o l y m e r   1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e .   T h u s ,   b o t h  

of  the   l a t t e r   m e n t i o n e d   m a t e r i a l s   were   s u b s t a n t i a l l y   e n -  

t i r e l y   e x t r a c t e d   f rom  the   t h r e e - c o m p o n e n t   e x t r u d a t e   e x i t -  

ing  t he   t u b e - i n - o r i f i c e   s p i n n e r e t .   I t   w i l l   be  r e c o g n i z e d  

t h a t   the   p r i m a r y   p u r p o s e   of  the   i s o p r o p a n o l   q u e n c h   b a t h   i s  

to  q u e n c h   the   h e a t e d   e x t r u d a t e   a f t e r   i t   l e a v e s   t he   t u b e -  

i n - o r i f i c e   s p i n n e r e t .   H o w e v e r ,   t he   i s o p r o p a n o l   q u e n c h  

b a t h   has   a  s e c o n d a r y   e f f e c t ,   w h i c h   in  t h i s   c a s e   is  t o  

r e m o v e   some  of  t he   d i o c t y l   p h t h a l a t e .  

E x a m p l e   3 

S e v e n   a d d i t i o n a l   s a m p l e s   of  s e m i p e r m e a b l e   m e m b r a n e s   i n  

h o l l o w   f i b e r   form  were   p r e p a r e d   u s i n g   the   s t a r t i n g   c o m p o -  

s i t i o n s   shown  in  T a b l e   I  and  t he   p r o c e s s i n g   e q u i p m e n t   a n d  

s t e p s   r e f e r r e d   to  in  E x a m p l e   1.  The  c h e m i c a l   c o m p o s i t i o n s  

of  the   f i n a l   s e m i p e r m e a b l e   h o l l o w   f i b e r s   a r e   g i v e n   i n  

T a b l e   I  and  the   p h y s i c a l   p r o p e r t i e s   t h e r e o f   a r e   s e t   f o r t h  

in  T a b l e   I I .  





E x a m p l e   4 

A  s e m i p e r m e a b l e   m e m b r a n e   c o m p r i s i n g   p o l y p r o p y l e n e   and  1 , 2 -  

s y n d i o t a c t i c   p o l y b u t a d i e n e   was  made  u s i n g   the   e q u i p m e n t   o f  

F i g u r e   1  and  the   f o l l o w i n g   p r o c e d u r e :  

1500  g r a m s   of  DOP  were   p l a c e d   in  a  k e t t l e   and  h e a t e d   t o  

1 8 0  -   1 9 0 ° C .   500  g r a m s   of  i s o t a c t i c   p o l y p r o p y l e n e  

( P r o f a x   6723  a v a i l a b l e   f rom  H e r c u l e s )   were   a d d e d   to  t h e  

k e t t l e   and  m i x e d   u n t i l   the   DOP.and   p o l y p r o p y l e n e   w e r e  

h o m o g e n e o u s ,   t h a t   i s ,   u n t i l   t he   p o l y p r o p y l e n e   p e l l e t s   w e r e  

no  l o n g e r   o b s e r v a b l e   in  t he   h e a t e d   c o m p o s i t i o n .   T h e  

t e m p e r a t u r e   in  t he   k e t t l e   was  t h e n   r e d u c e d   to  180°C  a n d  

100  g r a m s   of  1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e   (SPD)  w e r e  

a d d e d .   M i x i n g   was  c o n t i n u e d   a t   180°C  u n t i l   t he   t h r e e -  

c o m p o n e n t   m i x t u r e   was  h o m o g e n e o u s ;   t h i s   t o o k   a b o u t   15 

m i n u t e s .   The  t h r e e - c o m p o n e n t   m i x t u r e   ( t h e   " s t a r t i n g  

c o m p o s i t i o n " )   was  t h e n   p o u r e d   i n t o   a  s h a l l o w   t r a y   a n d  

a l l o w e d   to  c o o l   to  room  t e m p e r a t u r e .   The  s t a r t i n g  

c o m p o s i t i o n   was  b r o k e n   i n t o   f r a g m e n t s   and  p a s s e d   t h r o u g h  

g r i n d e r   12  to  form  a  c o m m i n u t e d   s t a r t i n g   c o m p o s i t i o n   w h o s e  

p a r t i c l e s   were   s u f f i c i e n t l y   s m a l l   to  p a s s   t h r o u g h   a  s i e v e  

h a v i n g   10  mm.  o p e n i n g s .   E x t r u d e r   14  was  p r e h e a t e d   s o  

t h a t   zone  1  ( n e a r e s t   the   f e e d   h o p p e r )   was  90°C ,   zone  2  w a s  

1 1 0 ° C ,   zone  3  was  1 5 5 ° C ,   and  zone  4  ( t h e   zone  n e a r e s t   t o  

t h e   t u b e - i n - o r i f i c e   s p i n n e r e t )   was  1 8 5 ° C .   The  s p i n n e r e t ,  

whose   o r i f i c e   has   a  d i a m e t e r   of  0 . 1 2 4   i n c h   ( 0 . 3 1 5   cm)  a n d  

whose   h o l l o w   t u b e   had  an  o u t s i d e   d i a m e t e r   of  0 . 0 9 6   i n c h  

( 0 . 2 4 4   cm),   was  h e a t e d   to  1 7 5 ° C .   The  e x t r u d e r   w a s  

p r o v i d e d   w i t h   a  s c r e e n   pack   c o m p r i s i n g   t h r e e   s c r e e n s   w h o s e  

mesh  s i z e s   were   40,   80  and  150  r e s p e c t i v e l y .   T h i s   s c r e e n  

p a c k   was  p l a c e d   in  t he   e x t r u d e r   j u s t   u p s t r e a m   of  t h e  

s p i n n e r e t ,   the   c o a r s e s t   s c r e e n   b e i n g   p l a c e d   f u r t h e s t   f r o m  

the   s p i n n e r e t   and  t he   f i n e s t   s c r e e n   b e i n g   p l a c e d   n e a r e s t  

t he   s p i n n e r e t .   The  e x t r u d e r   s c r e w   was  r o t a t e d   a t   7  RPMs.  

The  c o m m i n u t e d   s t a r t i n g   c o m p o s i t i o n   was  a d d e d   to  t he   f e e d  



h o p p e r   of  t he   e x t r u d e r   and  f o r c e d   by  the   s c r e w   t h r o u g h   t h e  

t u b e - i n - o r i f i c e   s p i n n e r e t .   The  e x t r u d a t e   w h i c h   e x i t e d   t h e  

s p i n n e r e t   was  a l l o w e d   to  f a l l   a b o u t   12  i n c h e s   ( 3 0 . 5   cm) 

i n t o   a  s h a l l o w   q u e n c h   b a t h   of  i s o p r o p a n o l   h a v i n g   a  l e n g t h  

of   a b o u t   t h r e e   f e e t .   U n d e r   s t e a d y   s t a t e   c o n d i t i o n s ,   t h e  

i s o p r o p a n o l   q u e n c h   b a t h   e q u i l i b r a t e d   a t   31°C .   A f t e r   e x i t -  

ing  t h e   q u e n c h   b a t h ,   t he   h o l l o w   f i b e r   e x t r u d a t e   was  p a s s e d  

t h r o u g h   a  w a t e r   b a t h   to  r e m o v e   r e s i d u a l   i s o p r o p a n o l .   T h e  

e x t r u d a t e   was  c o l l e c t e d   in  c o i l e d   form  in  a  s h a l l o w   c o n -  

t a i n e r .   500  f i b e r s ,   e a c h   a b o u t   30  cm  in  l e n g t h ,   were   c u t  

f rom  t he   a f o r e m e n t i o n e d   e x t r u d a t e   and  e x t r a c t e d   w i t h   i s o -  

p r o p a n o l ,   a  good  s o l v e n t   f o r   DOP  and  a  n o n - s o l v e n t   f o r  

b o t h   p o l y p r o p y l e n e   and  1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e .  

The  w e i g h t   r a t i o   of  t he   e x t r a c t i n g   s o l v e n t   i s o p r o p a n o l   t o  

e x t r u d a t e   d u r i n g   t he   e x t r a c t i o n   c y c l e   was  1 4 : 1 .   A  d y n a m i c  

e x t r a c t i o n   was  u s e d ,   t h a t   i s ,   t he   i s o p r o p a n o l   was  c o n t i n u -  

o u s l y   r e c i r c u l a t e d   t h r o u g h   the   e x t r a c t i o n   t a n k .   Two 

e x t r a c t i o n   c y c l e s ,   e a c h   30  m i n u t e s   in  l e n g t h ,   were  e m p l o y -  

ed .   A f t e r   e x t r a c t i o n ,   t he   f i n a l   s e m i p e r m e a b l e   h o l l o w  

f i b e r s   were   a l l o w e d   to  d r y .   R e p r e s e n t a t i v e   s a m p l e s   w e r e  

t h e n   a n a l y z e d   f o r   t h e i r   c h e m i c a l   c o m p o s i t i o n   and  found   t o  

c o n t a i n   11.1%  by  w e i g h t   of  1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e  

and  88.9%  by  w e i g h t   p o l y p r o p y l e n e .   The  s e m i p e r m e a b l e  

h o l l o w   f i b e r s   were   a l s o   t e s t e d   fo r   w a l l   t h i c k n e s s ,   i n s i d e  

d i a m e t e r ,   c r o s s - s e c t i o n a l   a r e a ,   h y d r a u l i c   p e r m e a b i l i t y ,  

w a l l   r a t i o ,   b u b b l e   p o i n t ,   p e r c e n t   e l o n g a t i o n ,   m o d u l u s ,   a n d  

t e n s i l e   s t r e n g t h .   The  r e s u l t s   of  t h i s   t e s t i n g   were  a s  

f o l l o w s :  

Wal l   t h i c k n e s s :   120  m i c r o n s  

I n s i d e   d i a m e t e r :   431  m i c r o n s  

C r o s s - s e c t i o n a l   a r e a :   2 0 . 7   x  10-4   cm2 

H y d r a u l i c   p e r m e a b i l i t y :   18  m l / m m . H g / m e t e r 2 / n r .  



Maximum  p o r e   s i z e : < 0 . 5   m i c r o n s   (ASTM  Method   S 3 1 6 - 7 0   [ 1 9 7 6 ]  )  

P e r c e n t   e l o n g a t i o n :   9 3 1  

M o d u l u s :   2188  k g . / c m . 2  

T e n s i l e :   193  k g . / c m . 2  

As  m e n t i o n e d   a b o v e ,   t he   f i n a l   s e m i p e r m e a b l e   m e m b r a n e   c o m -  

p r i s e d   88.9%  p o l y p r o p y l e n e   a n d  1 1 . 1 %   1 , 2 - s y n d i o t a c t i c  

p o l y b u t a d i e n e .   S i n c e   t he   s o l v e n t   s e l e c t e d   f o r   e x t r a c t i o n ,  

n a m e l y   i s o p r o p a n o l ,   is  a  good  s o l v e n t   f o r   the   p r o c e s s i n g  

a id   d i o c t y l   p h t h a l a t e   and  is  a  n o n - s o l v e n t   f o r   the   1 , 2 -  

s y n d i o t a c t i c   p o l y b u t a d i e n e   and  the   p o l y m e r   p o l y p r o p y l e n e .  

N e i t h e r   of  t he   l a t t e r   m e n t i o n e d   m a t e r i a l s   were   e x t r a c t e d  

f rom  the   t h r e e - c o m p o n e n t   e x t r u d a t e   e x i t i n g   the   t u b e - i n -  

o r i f i c e   s p i n n e r e t .   S m a l l   a m o u n t s   of  DOP  were   e x t r a c t e d  

f rom  the   e x t r u d a t e   in  the   i s o p r o p a n o l   q u e n c h   b a t h ,   w i t h  

the   b a l a n c e   t h e r e o f   b e i n g   s u b s t a n t i a l l y   c o m p l e t e l y   r e m o v e d  

d u r i n g   the   s u b s e q u e n t   t r e a t m e n t   w i t h   i s o p r o p a n o l .  

E x a m p l e   5 

F i v e   a d d i t i o n a l   s a m p l e s   of  s e m i p e r m e a b l e   m e m b r a n e s   i n  

h o l l o w   f i b e r   form  and  c o m p r i s i n g   i s o t a c t i c   p o l y p r o p y l e n e  

and  1 , 2 - s y n d i o t a c t i c   b u t a d i e n e   were  p r e p a r e d   u s i n g   t h e  

s t a r t i n g   c o m p o s i t i o n s   shown  in  T a b l e   I I I   and  the   p r o c e d u r e  

d e s c r i b e d   in  E x a m p l e   4.  The  c h e m i c a l   c o m p o s i t i o n s   of  t h e  

f i n a l   s e m i p e r m e a b l e   h o l l o w   f i b e r s   a re   g i v e n   in  T a b l e   I I I  

and  the   p h y s i c a l   p r o p e r t i e s   t h e r e o f   a r e   s e t   f o r t h   i n  

T a b l e   I V .  





EXAMPLE  6 

A  s t a r t i n g   c o m p o s i t i o n   c o m p r i s i n g   a  m i x t u r e   of  50  g r a m s   o f  

p o l y p r o p y l e n e   ( a v a i l a b l e   from  H e r c u l e s   u n d e r   the   t r a d e n a m e  

P r o f a x   6 7 2 3 ) ,   200  g r a m s   of  d i o c t y l   p h t h a l a t e ,   and  15  g r a m s  

of  c i s - 1 , 4 - p o l y b u t a d i e n e   ( o b t a i n e d   from  S c i e n t i f i c   P o l y m e r  

P r o d u c t s ,   O n t a r i o ,   New  York  as  m a t e r i a l   No.  552  in  c a t a l o g  

No.  801)  was  p r e p a r e d .   T h i s   m i x t u r e   c o r r e s p o n d s   to  7 5 . 5  

p a r t s   by  w e i g h t   d i o c t y l   p h t h a l a t e ,   1 8 . 9   p a r t s   by  w e i g h t  

p o l y p r o p y l e n e ,   and  5 .6  p a r t s   by  w e i g h t   d i o c t y l   p h t h a l a t e .  

The  s t a r t i n g   c o m p o s i t i o n   a l s o   i n c l u d e d   0 .5   p a r t s   b y  

w e i g h t ,   b a s e d   on  100  p a r t s   of  the   a f o r e m e n t i o n e d   t h r e e  

c o m p o n e n t   m i x t u r e ,   of  N a u g u a r d   PHR  w h i c h   s e r v e d   as  a n  

a n t i o x i d a n t .   The  c i s - 1 , 4 - p o l y b u t a d i e n e   had  a  M o o n e y  

v i s c o s i t y   of  55,  and  a  d e n s i t y   of  0 . 9 1   g r a m s / c c .   T h e  

p o l y p r o p y l e n e   was  i s o t a c t i c   p o l y p r o p y l e n e   and  had  a  m e l t  

v i s c o s i t y   (ASTM  Method  D - 1 2 3 8 )   of  1 . 3 .   P r i o r   to  t h e  

p r e p a r a t i o n   of  the   s t a r t i n g   c o m p o s i t i o n   of  t h i s   E x a m p l e   6 ,  

the   f o l l o w i n g   o b s e r v a t i o n s   were  m a d e :  

A.  200  p a r t s   by  w e i g h t   of  the   DOP  and  50  p a r t s   by  w e i g h t  

of  the   p o l y p r o p y l e n e   were   c o m p a t i b l e   when  mixed   t o g e t h e r  

and  h e a t e d   to  180°C  w i t h   s t i r r i n g ;   p h a s e   s e p a r a t i o n   of  t h e  

p o l y p r o p y l e n e   was  o b s e r v e d   when  the   h e a t e d   m i x t u r e   w a s  

c o o l e d   to  a m b i e n t   t e m p e r a t u r e .  

B.  2C0  p a r t s   by  w e i g h t   DOP  and  15  p a r t s   by  w e i g h t   of  t h e  

1 , 4 - p o l y b u t a d i e n e   were   c o m p a t i b l e   when  mixed   t o g e t h e r  

h e a t e d   to  180°C  w i t h   s t i r r i n g ;   the   h e a t e d   m i z t u r e   r e m a i n e d  

c o m p a t i b l e   when  c o o l e d   to  a m b i e n t   t e m p e r a t u r e .  

C.  200  p a r t s   by  w e i g h t   of  DOP,  50  p a r t s   by  w e i g h t   o f  

p o l y p r o p y l e n e   and  15  p a r t s   by  w e i g h t   of  1 , 4 - p o l y b u t a d i e n e  

were   c o m p a t i b l e  w h e n   mixed   t o g e t h e r   and  h e a t e d   to  1 8 0 ° C  

w i t h   s t i r r i n g .   The  h e a t e d  m i x t u r e   e x h i b i t e d   p h a s e  

s e p a r a t i o n   when  c o o l e d   to  a m b i e n t   t e m p e r a t u r e .  



S e m i p e r m e a b l e   h o l l o w   f i b e r s   were   p r e p a r e d   from  the   a b o v e  

s t a r t i n g   c o m p o s i t i o n   u s i n g   the   m e t h o d   and  a p p a r a t u s  

d e s c r i b e d   in  E x a m p l e   1.  C h e m i c a l   a n a l y s i s   of  the   r e s u l t -  

ing  h o l l o w   f i b e r   d e m o n s t r a t e d   t h a t   i t   c o n s i s t e d   a l m o s t  

e n t i r e l y   of  p o l y p r o p y l e n e   w i t h   l e s s   t h a n   0.5%  by  w e i g h t  

( b a s e d   on  m e m b r a n e   w e i g h t )   of  r e s i d u a l   DOP  and  a b o u t   0 . 5 %  

by  w e i g h t   ( b a s e d   on  m e m b r a n e   w e i g h t )   of  r e s i d u a l   c i s - 1 , 4 -  

p o l y b u t a d i e n e .   F u r t h e r   e v a l u a t i o n   of  t he   r e s u l t i n g   h o l l o w  

f i b e r   gave   the   f o l l o w i n g   r e s u l t s :  

The  s e m i p e r m e a b l e   m e m b r a n e   of  t h i s   E x a m p l e   6  is   u s e f u l   i n  

p l a s m a p h e r e s i s ,   w h i c h   is  t he   p r o c e s s   of  s e p a r a t i n g   w h o l e  

b l o o d   i n t o   i t s   " p l a s m a "   f r a c t i o n   and  i t s   " c e l l u l a r "   o r  

" f o r m e d   e l e m e n t "   f r a c t i o n .  

EXAMPLE  7 

In  t h i s   E x a m p l e ,   p o l y v i n y l   c h l o r i d e   was  u s e d   as  t he   s e c o n d  

p o l y m e r .  T h e   s t a r t i n g   c o m p o s i t i o n   c o m p r i s e d   (A)  a  m i x t u r e  

of   200  p a r t s   by  w e i g h t   of  DOP,  50  p a r t s   by  w e i g h t   of  p o l y -  

p r o p y l e n e   ( P r o f a x   6723  f rom  H e r c u l e s )   and  10  p a r t s   b y  

w e i g h t   of  p o l y v i n y l   c h l o r i d e ,   and  (B)  0 .5   p a r t s   by  w e i g h t  

of  Mark  OTM  (a  c o m m e r c i a l l y   a v a i l a b l e   a n t i o x i d a n t ) .   T h e  



m i x t u r e   c o n t a i n e d   7 6 . 9 2   p a r t s   by  w e i g h t   of  DOP, 

1 9 . 2 3   p a r t s   by  w e i g h t   p o l y p r o p y l e n e   and  3 . 8 5   p a r t s   b y  

w e i g h t   p o l y v i n y l   c h l o r i d e .   The  s t a r t i n g   c o m p o s i t i o n   c o n -  

t a i n e d   a p p r o x i m a t e l y   0 .2   p a r t s   by  w e i g h t   of  t he   a n t i o x i -  

d a n t   per   100  p a r t s   by  w e i g h t   of  t he   t h r e e   c o m p o n e n t  

m i x t u r e .  

U s i n g   t h e   a p p a r a t u s   and  m e t h o d   d e s c r i b e d   in  E x a m p l e   1,  t h e  

a b o v e   s t a r t i n g   c o m p o s i t i o n   was  e x t r u d e d   i n t o   h o l l o w   f i b e r  

form  and  q u e n c h e d   in  i s o p r o p a n o l .   The  q u e n c h e d   h o l l o w  

f i b e r   e x t r u d a t e   was  c o l l e c t e d   in  c o n t i n u o u s   form  on  a  

s p o o l   and  s u b s e q u e n t l y   d i v i d e d   i n t o   f i r s t   and  s e c o n d  

p o r t i o n s .   I t   w i l l   be  r e c o g n i z e d   t h a t   the   q u e n c h e d  

e x t r u d a t e   c o m p r i s e d   the   p o l y p r o p y l e n e ,   t he   p o l y v i n y l  

c h l o r i d e   and  mos t   o f   the   d i o c t y l   p h t h a l a t e   f rom  t h e  

m i x t u r e   c o m p r i s i n g   the   s t a r t i n g   c o m p o s i t i o n ,   some  of  t h e  

d i o c t y l   p h t h a l a t e   h a v i n g   been   r e m o v e d   f rom  the   e x t r u d a t e  

as  i t   p a s s e d   t h r o u g h   the   i s o p r o p a n o l   q u e n c h   b a t h .  

The  f i r s t   p o r t i o n   of  t he   q u e n c h e d   e x t r u d a t e   was  e x t r a c t e d  

w i t h   i s o p r o p a n o l   wh ich   r e m o v e d   the   DOP,  l e a v i n g   b e h i n d   a 

s e m i p e r m e a b l e   h o l l o w   f i b e r   c o m p r i s i n g   p o l y p r o p y l e n e   a n d  

p o l y v i n y l   c h l o r i d e   in  s u b s t a n t i a l l y   the   same  p r o p o r t i o n s ,  

i . e .  5   p a r t s   by  w e i g h t   p o l y p r o p y l e n e :   1  p a r t   by  w e i g h t  

p o l y v i n y l   c h l o r i d e ,   as  t h o s e   two  c o m p o n e n t s   were   found   i n  

the   s t a r t i n g   c o m p o s i t i o n .   The  e x t r a c t e d   m a t e r i a l   w a s  

s u b s e q u e n t l y   r i n s e d   in  w a t e r   to  r e m o v e   the   i s o p r o p a n o l   a n d  

a l l o w e d   to  d r y .   T h i s   s e m i p e r m e a b l e   p o l y p r o p y l e n e / p o l y -  

v i n y l   c h l o r i d e   h o l l o w   f i b e r   was  e v a l u a t e d   and  f o u n d   t o  

have   a  maximum  p o r e   s i z e   of  1.6  m i c r o n s   ( b u b b l e   p o i n t  

m e t h o d )   and  a  h y d r a u l i c   p e r m e a b i l i t y   of  100  m l . / m m .  

H g . / . 2 / h r .   T h i s  s e m i p e r m e a b l e   m e m b r a n e   is  u s e f u l   i n  

p l a s m a p h e r e s i s .  

The  s e c o n d   p o r t i o n   of  the   i s o p r o p a n o l   g u e n c h e d   e x t r u d a t e  

was  e x t r a c t e d  w i t h   t e t r a h y d r o f u r a n   (THF)  w h i c h   r e m o v e d   t h e  



DOP  and  the   p o l y v i n y l   c h l o r i d e ,   l e a v i n g   b e h i n d   a  s e m i p e r -  
m e a h l e   h o l l o w   f i b e r   c o n s i s t i n g   e s s e n t i a l l y   of  p o l y p r o -  

p y l e n e .   The  T H F - e x t r a c t e d   m a t e r i a l   was  s u b s e q u e n t l y  

a l l o w e d   to  d ry   to  r e m o v e   r e s i d u a l   t r a c e s   of  THF.  T h e  

f i n a l   h o l l o w   f i b e r   was  s e m i p e r m e a b l e   and  had  the  f o l l o w i n g  

p r o p e r t i e s :  

T h i s   s e m i p e r m e a b l e   f i b e r   i s   u s e f u l   as  a  m e m b r a n e   f o r   a  

b l o o d   o x y g e n a t o r .  

E x a m p l e   8 

A  f o u r   c o m p o n e n t   s t a r t i n g   c o m p o s i t i o n   was  p r e p a r e d   u s i n g  

t h e   e q u i p m e n t   and  p r o c e d u r e s   d e s c r i b e d   g e n e r a l l y   i n  

E x a m p l e   4.  As  w i l l   be  s e e n ,   t h i s   s t a r t i n g   c o m p o s i t i o n  

c o m p r i s e s   a n o t h e r   p o l y m e r i c   c o m p o n e n t   in  a d d i t i o n   to  a  

m i x t u r e   of  p o l y p r o p y l e n e ,   d i o c t y l   p h t h a l a t e   and  1 , 2 -  

s y n d i o t a c t i c   p o l y b u t a d i e n e .   2641  g r a m s   of  d i o c t y l  

p h t h a l a t e ,   528  g r a m s   of  p o l y p r o p y l e n e   ( P r o f a x   6723  f r o m  

H e r c u l e s ) ,   198  g r a m s   of  1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e ,  

and  133  g r a m s   of  T e n i t e *   P o l y a l l o m e r   5020  were   mixed   a t  

180°C  u n t i l   h o m o g e n e o u s .   T e n i t e *   P o l y n l l o m e r   5 0 2 0 ,   w h i c h  

is  a  b l e n d   of  p o l y p r o p y l e n e   and  an  e t h y l e n e / p r o p y l e n e  

c o p o l y m e r ,   is  a v a i l a b l e   c o m m e r c i a l l y   from  E a s t m a n   C h e m i c a l  



T e n i t e *   P o l y a l l o m e r   5020  has  a  m e l t   f low  r a t e   o f  2   g r a m s /  

10  m i n u t e s   (ASTM  D - 1 2 3 8 L ) ,   a  d e n s i t y   of  0 . 8 9 9   g . / c c .  

(ASTM  D - 1 5 0 5 ) ,   a  V i c a t   s o f t e n i n g   p o i n t   of  131°C  (ASTM  D- 

1525)   and  a  t e n s i l e   s t r e n g t h   at   y i e l d   of  288  k g . / c m . 2  

(ASTM  D - 6 3 8 ) .   The  f o u r   c o m p o n e n t   s t a r t i n g   c o m p o s i t i o n  

c o n t a i n e d   75 .35%  by  w e i g h t   DOP,  15 .06%  by  w e i g h t   p o l y p r o -  

p y l e n e ,   5.65%  by  w e i g h t   of  the   p o l y b u t a d i e n e ,   and  3.9%  by  

w e i g h t   of  T e n i t e *   P o l y a l l o m e r .   The  r a t i o   by  w e i g h t   o f  

d i o c t y l   p h t h a l a t e  :   p o l y p r o p y l e n e  :   1 , 2 - s y n d i o t a c t i c  

p o l y b u t a d i e n e   in  t he   r e s u l t i n g   f o u r   c o m p o n e n t   c o m p o s i t i o n  

was  7 8 . 4 4  :   1 5 . 6 8  :   5 . 8 8 .   Upon  c o m p l e t i o n   of  the   a f o r e -  

m e n t i o n e d   m i x i n g   s t e p ,   t he   f o u r   c o m p o n e n t   c o m p o s i t i o n   w a s  

c o o l e d ,   f r a g m e n t e d ,   g r o u n d ,   e x t r u d e d ,   q u e n c h e d   a n d  

c o l l e c t e d   as  s e t   f o r t h   in  E x a m p l e   4.  A b o u t   500  f i b e r s ,  

e a c h   a b o u t   30  cm.  in  l e n g t h ,   were   cu t   f rom  the  h o l l o w  

f i b e r   e x t r u d a t e   and  e x t r a c t e d   w i t h   m e t h y l e n e   c h l o r i d e  

( s o l v e n t   to  f i b e r   r a t i o   of  a p p r o x i m a t e l y   4 0 : 1   by  w e i g h t )  

f o r   one  h o u r .   A f t e r   e x t r a c t i o n   and  d r y i n g ,   the   r e s u l t i n g  

f i b e r s   were   t e s t e d ,   w i t h   the   f o l l o w i n g   r e s u l t s :  



The  f i n a l   s e m i p e r m e a b l e   m e m b r a n e   was  a n a l y z e d   and  found   t o  

have   t he   f o l l o w i n g   c o m p o s i t i o n   by  w e i g h t :   1.9%  d i o c t y l  

p h t h a l a t e ,   6.31%  p o l y b u t a d i e n e   w i t h   the   b a l a n c e   of  9 1 . 7 9 %  

b e i n g   p o l y p r o p y l e n e   and  P o l y a l l o m e r   5 0 2 0 .   A s s u m i n g   t h a t  

T e n i t e *   P o l y a l l o m e r   5020  is  e n t i r e l y   p o l y p r o p y l e n e ,   t h e  

w e i g h t   r a t i o   of  p o l y p r o p y l e n e   to  1 , 2 - s y n d i o t a c t i c   p o l y b u -  
t a d i e n e   in  the   f i n a l   s e m i p e r m e a b l e   m e m b r a n e   is  a b o u t  

1 4 . 5 4 .   A s s u m i n g   t h e   T e n i t e *   P o l y a l l o m e r   5020  c o n t a i n s   n o  

p o l y p r o p y l e n e ,  t h e   w e i g h t   r a t i o   of  p o l y p r o p y l e n e   to  1 , 2 -  

s y n d i o t a c t i c   p o l y b u t a d i e n e   in  the   f i n a l   s e m i p e r m e a b l e  

m e m b r a n e   is  1 1 . 5 5 .   I t   is  c l e a r ,   h o w e v e r ,   t h a t   the   r a t i o  

of  p o l y p r o p y l e n e   to  p o l y b u t a d i e n e   m u s t   be  a t   l e a s t   1 1 . 5 5  

and  no t   more  t h a n   1 4 . 5 4 ,   s i n c e   in  f a c t ,   the   T e n i t e *  

P o l y a l l o m e r   5020  has   some  a m o u n t   ( u n k n o w n   to  A p p l i c a n t s )  

of   p o l y p r o p y l e n e .   From  a  c o n s i d e r a t i o n   of  the   f o r e g o i n g  

a n a l y t i c a l   d a t a ,   i t   is  s e e n   t h a t   s u b s t a n t i a l l y   a l l   of  t h e  

d i o c t y l   p h t h a l a t e   in  t he   e x t r u d a t e   was  e x t r a c t e d   by  t h e  

m e t h y l e n e   c h l o r i d e ;   t h i s   was  as  e x p e c t e d   s i n c e   d i o c t y l  

p h t h a l a t e   is   s o l u b l e   in  m e t h y l e n e   c h l o r i d e .   I t   is  a l s o  

s e e n   t h a t   a  c e r t a i n   a m o u n t ,   n a m e l y   a b o u t   6.3%  by  w e i g h t ,  

of  1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e   is  i n c l u d e d   in  the   f i n a l  

s e m i p e r m e a b l e   m e m b r a n e ,   even   t h o u g h   i t   m i g h t   be  e x p e c t e d ,  

b a s e d   on  i t s   s o l u b i l i t y   c h a r a c t e r i s t i c s ,   t h a t   s u b s t a n t i a l -  

ly  a l l   of  t he   p o l y b u t a d i e n e   c o m p o n e n t   wou ld   be  e x t r a c t e d  

by  t he   m e t h y l e n e   c h l o r i d e .   W h i l e   no t   w i s h i n g   to  be  b o u n d  

by  any  p a r t i c u l a r   t h e o r y ,   t h i s   may  be  due  to  t he   f a c t   t h a t  

t h e   p o l y b u t a d i e n e   c o m p o n e n t   is  p h y s i c a l l y   e n t r a p p e d   by  t h e  

p o l y p r o p y l e n e   and  T e n i t e *   P o l y a l l o m e r   5020  c o m p o n e n t s   a n d  

is   no t   r e a d i l y   a c c e s s i b l e   to  t he   a c t i o n   of  the   e x t r a c t i n g  

s o l v e n t .   The  m e m b r a n e   of  t h i s   E x a m p l e   0  is   u s e f u l   as  a  

p l a s m a p h e r e s i s   m e m b r a n e .  

E x a m p l e  9  

A  s t a r t i n g   c o m p o s i t i o n   h a v i n g   79  p a r t s   by  w e i g h t   o f  

d i o c t y l   p h t h a l a t e ,   15  p a r t s   by  w e i g h t   of  i s o t a c t i c  



p r o p y l e n e   ( P r o f a x   6723)   and  6  p a r t s   by  w e i g h t   of  1 , 2 -  

s y n d i o t a c t i c   p o l y b u t a d i e n e   ( U n i r o y a l   RB  820)  was  p r e p a r e d  

and  p r o c e s s e d   as  d e s c r i b e d   in  E x a m p l e   2.  The  f i n a l   h o l l o w  

f i b e r   m e m b r a n e   was  a n a l y z e d   and  f o u n d   to  c o n t a i n   l e s s   t h a n  

0 .01%  DOP  and  l e s s   t h a n   0 .005%  p o l y b u t a d i e n e ,   the   b a l a n c e  

b e i n g   p o l y p r o p y l e n e .   The  i n i t i a l   m o d u l u s   w a s  

2003  k g . / c m . 2 ,   e l o n g a t i o n   at  b r e a k   was  4 4 0 . 7 % ,   t e n s i l e  

s t r e n g h t   was  69 .9   k g / c m . 2 ,   w a l l   t h i c k n e s s   was  144  m i c r o n s ,  

i n s i d e   d i a m e t e r   was  379  m i c r o n s ,   c r o s s - s e c t i o n a l   a r e a   w a s  

2 3 . 6   x  10 -4   c m . 2 ,   h y d r a u l i c   p e r m e a b i l i t y   o f  

1495  m l . / m 2 · m m H g · h r . ,   and  maximum  p o r e   s i z e   w a s  

0 . 7 3   m i c r o n s .  



1.  A  c o m p o s i t i o n   f rom  w h i c h   a  s e m i p e r m e a b l e   m e m b r a n e   m a y  
be  made  by  p r o c e s s i n g   s a i d   c o m p o s i t i o n   a t   an  e l e v a t e d  

t e m p e r a t u r e ,   s a i d   c o m p o s i t i o n   c o m p r i s i n g   a  m i x t u r e   o f  

p o l y p r o p y l e n e ,   a  s e c o n d   p o l y m e r   and  a  p r o c e s s i n g   a i d ,   s a i d  

p r o c e s s i n g   a i d   and  s a i d   p o l y p r o p y l e n e   b e i n g   c o m p a t i b l e   a t  

s a i d   e l e v a t e d   t e m p e r a t u r e   and  b e i n g   i n c o m p a t i b l e   when  a  

h e a t e d   m i x t u r e   of  s a i d   p o l y p r o p y l e n e   and  s a i d   p r o c e s s i n g  

a i d   is  c o o l e d   to  a m b i e n t   t e m p e r a t u r e ,   s a i d   s e c o n d   p o l y m e r  

and  s a i d   p r o c e s s i n g   a i d   b e i n g   c o m p a t i b l e   when  h e a t e d   t o  

s a i d   e l e v a t e d   t e m p e r a t u r e   and  a l s o   b e i n g   c o m p a t i b l e   when  a  

h e a t e d   m i x t u r e   of  s a i d   s e c o n d   p o l y m e r   and  s a i d   p r o c e s s i n g  

a i d   is  c o o l e d   to  a m b i e n t   t e m p e r a t u r e ,   s a i d   m i x t u r e   b e i n g  

c o m p a t i b l e   a t   s a i d   e l e v a t e d   t e m p e r a t u r e   and  e x h i b i t i n g  

p h a s e   s e p a r a t i o n   of  a t   l e a s t   s a i d   p o l y p r o p y l e n e   at   a m b i e n t  

t e m p e r a t u r e .  

2.  A  c o m p o s i t i o n   a c c o r d i n g   to  C l a i m   1  w h e r e i n   s a i d   s e c o n d  

p o l y m e r   is  s e l e c t e d   f rom  the   g r o u p   c o n s i s t i n g   o f  

s y n d i o t a c t i c   p o l y b u t a d i e n e ,   c i s - 1 , 4 - p o l y b u t a d i e n e ,   a n d  

p o l y v i n y l   c h l o r i d e .  

1  o r  
3.  A  c o m p o s i t i o n   a c c o r d i n g   to  C l a i m / 2   w h e r e i n   s a i d  

p r o c e s s i n g   a id   is  d i - ( 2 - e t h y l h e x y l )   p h t h a l a t e .  

1  o r  
4.  A  c o m p o s i t i o n   a c c o r d i n g   to  C l a i m / 2   w h e r e i n   s a i d  

m i x t u r e   c o m p r i s e s :  

a)  f r o m  a b o u t   10  p e r c e n t   to  a b o u t   30  p e r c e n t   b y  

w e i g h t   of   p o l y p r o p y l e n e ;  

b)  f rom  a b o u t   1  p e r c e n t   to  a b o u t   15  p e r c e n t   by  w e i g h t  

of   s a i d   s e c o n d   p o l y m e r ;   a n d  



c)  f rom  a b o u t   55  p e r c e n t   to  a b o u t   80  p e r c e n t   b y  

w e i g h t   of  s a i d   p r o c e s s i n g   a i d ,   t he   p e r c e n t a g e s   o f  

t he   f o r e g o i n g   c o m p o n e n t s   b e i n g   such   t h a t   f o r   a  

g i v e n   m i x t u r e ,   t h e y   e q u a l   one  h u n d r e d   p e r c e n t .  

5.  A  c o m p o s i t i o n   a c c o r d i n g   to  C la im   4  w h e r e i n   s a i d  

p r o c e s s i n g   a id   is  d i - ( 2 - e t h y l h e x y l )   p h t h a l a t e .  

any one  of  to  5 
6.  A  c o m p o s i t i o n   a c c o r d i n g   t o / C l a i m s  1 / w h i c h   c o m p r i s e s ,   i n  

a d d i t i o n   to  s a i d   m i x t u r e ,   a n o t h e r   p o l y m e r i c   c o m p o n e n t .  

7.  A  c o m p o s i t i o n   a c c o r d i n g   to  C l a i m   6  w h e r e i n   s a i d  

a n o t h e r   p o l y m e r i c   c o m p o n e n t   i s  a   b l e n d   of  p o l y p r o p y l e n e  

and  an  e t h y l e n e / p r o p y l e n e   c o p o l y m e r .  

3.  A  c o m p o s i t i o n   from  w h i c h   a  s e m i p e r m e a b l e   m e m b r a n e  

c o m p r i s i n g   p o l y p r o p y l e n e   may  be  made,   s a i d   c o m p o s i t i o n  

c o m p r i s i n g   a  m i x t u r e   of  p o l y p r o p y l e n e ,   s y n d i o t a c t i c  

p o l y b u t a d i e n e ,   and  d i o c t y l   p h t h a l a t e ,   s a i d   m i x t u r e   h a v i n g  

a  c o m p o s i t i o n   f a l l i n g   w i t h i n   the   s h a d e d   a r e a   b o u n d e d   by  

a b c d e   of  F i g u r e   2  of  t h e   a c c o m p a n y i n g   d r a w i n g s .  

9.  A  c o m p o s i t i o n   a c c o r d i n g   to  C la im   8  w h i c h   f u r t h e r  

c o m p r i s e s   a n o t h e r   p o l y m e r i c   c o m p o n e n t .  

10.  A  c o m p o s i t i o n   a c c o r d i n g   to  C la im  9  w h e r e i n   s a i d  

a n o t h e r   p o l y m e r i c   c o m p o n e n t   is  a  b l e n d   of  p o l y p r o p y l e n e  

and  an  e t h y l e n e / p r o p y l e n e   c o p o l y m e r .  

11.  A  p r o c e s s   f o r   m a k i n g   a  s e m i p e r m e a b l e   m e m b r a n e  

c o n s i s t i n g   e s s e n t i a l l y   of  p o l y p r o p y l e n e ,   s a i d   p r o c e s s  

c o m p r i s i n g   the   s t e p s   o f :  

any  one  o f  
a)  p r o v i d i n g   a  c o m p o s i t i o n   a c c o r d i n g   to any one of Claims 1  to  10; 

b)  h e a t i n g   s a i d   m i x t u r e   u n t i l   i t   is  h o m o g e n e o u s ;  



c)  f o r m i n g   s a i d   h e a t e d   h o m o g e n e o u s   m i x t u r e   i n t o   a  

s h a p e d   a r t i c l e ;  

d)  c o o l i n g   s a i d   s h a p e d   a r t i c l e ;   a n d  

e)  t r e a t i n g   s a i d   s h a p e d   a r t i c l e   to  r e m o v e   t h e r e f r o m  

s a i d   s e c o n d   p o l y m e r   and  s a i d   p r o c e s s i n g   a i d .  

12.  A  p r o c e s s   f o r   m a k i n g   a  s e m i p e r m e a b l e   m e m b r a n e  

c o n s i s t i n g   e s s e n t i a l l y   of  p o l y p r o p y l e n e ,   s a i d   p r o c e s s  

c o m p r i s i n g   t he   s t e p s   o f :  

a)  p r o v i d i n g   a  m i x t u r e   of  f rom  a b o u t   10  p e r c e n t   t o  

a b o u t   30  p e r c e n t   by  w e i g h t   of  p o l y p r o p y l e n e ,   f r o m  

a b o u t   1.0  p e r c e n t   to  a b o u t   15  p e r c e n t   by  w e i g h t   o f  

a  s e c o n d   p o l y m e r   s e l e c t e d   from  the   g r o u p   c o n s i s t -  

ing  of  p o l y b u t a d i e n e   and  p o l y v i n y l   c h l o r i d e ,   a n d  

f rom  a b o u t   55  p e r c e n t   to  a b o u t   80  p e r c e n t   b y  

w e i g h t   of  d i o c t y l   p h t h a l a t e ,   the   p e r c e n t a g e s   o f  

t h e   f o r e g o i n g   c o m p o n e n t s   b e i n g   such   t h a t   fo r   a  

g i v e n   m i x t u r e ,   t h e y   e q u a l   one  h u n d r e d   p e r c e n t ;  

b)  h e a t i n g   s a i d   m i x t u r e   u n t i l   i t   is  h o m o g e n e o u s ;  

c)  f o r m i n g   s a i d   h e a t e d   h o m o g e n e o u s   m i x t u r e   i n t o   a  

s h a p e d   a r t i c l e ;  

d)  c o o l i n g   s a i d   s h a p e d   a r t i c l e ;   a n d  

e)  t r e a t i n g   s a i d   s h a p e d   a r t i c l e   to  r e m o v e   t h e r e f r o m  

s a i d   s e c o n d   p o l y m e r   and  s a i d   d i o c t y l   p h t h a l a t e .  



13.  A  p r o c e s s   f o r   m a k i n g   a  s e m i p e r m e a b l e   m e m b r a n e  

c o m p r i s i n g   p o l y p r o p y l e n e   and  a  s e c o n d   p o l y m e r   s e l e c t e d  

f rom  the  g r o u p   c o n s i s t i n g   of  s y n d i o t a c t i c   p o l y b u t a d i e n e ,  

c i s - 1 , 4 - p o l y h u t a d i e n e   and  p o l y v i n y l   c h l o r i d e ,   s a i d   p r o c e s s  

c o m p r i s i n g   the   s t e p s   o f :  

a)  p r o v i d i n g   a  s t a r t i n g   c o m p o s i t i o n   w h i c h   c o m p r i s e s  

m i x t u r e   of  f rom  a b o u t   10  p e r c e n t   to  a b o u t   30  p e r -  

c e n t   by  w e i g h t   of  p o l y p r o p y l e n e ,   f rom  a b o u t   1 . 0  

p e r c e n t   to  a b o u t   15  p e r c e n t   of  s a i d   s e c o n d   p o l y -  

mer ,   and  f rom  a b o u t   55  p e r c e n t   to  a b o u t   80  p e r c e n t  

by  w e i g h t   of  d i - ( 2 - e t h y l h e x y l )   p h t h a l a t e ;  

b)  h e a t i n g   s a i d   m i x t u r e   u n t i l   i t   is  h o m o g e n e o u s ;  

c)  f o r m i n g   s a i d   h e a t e d   h o m o g e n e o u s   m i x t u r e   i n t o   a  

s h a p e d   a r t i c l e ;  

d)  c o o l i n g   s a i d   s h a p e d   a r t i c l e ;   a n d  

e)  h e a t i n g   s a i d   s h a p e d   a r t i c l e   to  r e m o v e   t h e r e f r o m  

s a i d   d i - ( 2 - e t h y l h e x y l )   p h t h a l a t e .  

14.  A  p r o c e s s   a c c o r d i n g   to   C l a i m   13  w h e r e i n   s a i d   s t a r t i n g  

c o m p o s i t i o n   i n c l u d e s ,   in  a d d i t i o n   to  s a i d   m i x t u r e ,   a n o t h e r  

p o l y m e r i c   c o m p o n e n t .  

15.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   14  w h e r e i n   s a i d   a n o t h e r  

p o l y m e r i c   c o m p o n e n t   is  a  b l e n d   of  p o l y p r o p y l e n e   and  a n  

e t h y l e n e / p r o p y l e n e   c o p o l y m e r .  

14,  or  15 
16.  A  p r o c e s s   a c c o r d i n g   to  C l a i m   1 3 , / w h e r e i n   s a i d   s e c o n d  

p o l y m e r   is  s y n d i o t a c t i c   p o l y b u t a d i e n e .  

17.  A  s e m i p e r m e a b l e   m e m b r a n e  c o m p r i s i n g   i s o t a c t i c  

p o l y p r o p y l e n e   and  1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e .  



13.  A  s e m i p e r m e a b l c   m e m b r a n e   c o m p r i s i n g   i s o t a c t i c  

p o l y p r o p y l e n e   and  1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e ,   w h e r e i n  

t h e   r a t i o   by  w e i g h t   of  s a i d   p o l y p r o p y l e n e   to  s a i d  

p o l y b u t a d i e n e   is  a t   l e a s t   a b o u t   2 . 3 9 .  

19.  A  s e m i p e r m e a b l e   m e m b r a n e   a c c o r d i n g   to  C l a i m   18 

w h e r e i n   t h e   r a t i o   by  w e i g h t   of  s a i d   p o l y p r o p y l e n e   to  s a i d  

p o l y b u t a d i e n e   i s   f rom  a b o u t   2 .89   to  a b o u t   1 1 . 6 .  

20.  A  s e m i p e r m e a b l e   m e m b r a n e   c o m p r i s i n g   i s o t a c t i c  

p o l y p r o p y l e n e   and  p o l y v i n y l   c h l o r i d e .  

21.  A  s e m i p e r m e a b l e   m e m b r a n e   c o m p r i s i n g   i s o t a c t i c   p o l y -  

p r o p y l e n e   and  p o l y v i n y l   c h l o r i d e ,   w h e r e i n   the   r a t i o   b y  

w e i g h t   of  s a i d   p o l y p r o p y l e n e   to  s a i d   p o l y v i n y l   c h l o r i d e   i s  

a b o u t   5  to  1 .  

22.   A  s e m i p e r m e a b l e   m e m b r a n e   c o m p r i s i n g   i s o t a c t i c  

p o l y p r o p y l e n e ,   1 , 2 - s y n d i o t a c t i c   p o l y b u t a d i e n e ,   and  a n  

e t h y l e n e / p r o p y l e n e   c o p o l y m e r .  

23.   A  s e m i p e r m e a b l e   m e m b r a n e   c o n s i s t i n g   e s s e n t i a l l y   o f  

p o l y p r o p y l e n e   and  h a v i n g   an  e l o n g a t i o n   at   b r e a k   of  a t  

l e a s t   a b o u t   4 4 0 % .  

24.  A  s e m i p e r m e a b l e   m e m b r a n e   c o n s i s t i n g   e s s e n t i a l l y   o f  

p o l y p r o p y l e n e   and  h a v i n g   an  i n i t i a l   m o d u l u s   of  at   l e a s t  

a b o u t   2022  k g . / c m . 2   and  an  e l o n g a t i o n   a t   b r e a k   of  a t   l e a s t  

a b o u t   4 4 0 % .  






	bibliography
	description
	claims
	drawings

